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(57) ABSTRACT

A semiconductor component includes a semiconductor body
having opposing first surface and second surfaces, and a side
surface surrounding the semiconductor body. The semicon-
ductor component also includes an active region including a
first semiconductor region of a first conductivity type, which
is electrically contacted via the first surface, and a second
semiconductor region of a second conductivity type, which
is electrically contacted via the second surface. The semi-
conductor component further includes an edge termination
region arranged in a lateral direction between the first
semiconductor region of the active region and the side
surface, and includes a first edge termination structure and
a second edge termination structure. The second edge ter-
mination structure is arranged in the lateral direction
between the first edge termination structure and the side
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surface and extends from the first surface in a vertical

direction more deeply into the semiconductor body than the

first edge termination structure.

9 Claims, 7 Drawing Sheets
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1
SEMICONDUCTOR COMPONENT WITH
EDGE TERMINATION REGION

RELATED APPLICATIONS

The application is a divisional of and claims priority to
U.S. Pat. No. 16,263,244 filed on Jan. 31, 2019, the content
of which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

The application is devoted to semiconductor components
comprising an edge termination region.

BACKGROUND

In semiconductor components having requirements in
respect of the voltage blocking strength, the edge termina-
tion constitutes a key component part with regard to costs
and reliability. On the one hand, the area requirement of the
edge termination is intended to be as small as possible in
order to allow cost-effective fabrication. On the other hand,
the edge termination is intended to be well defined in order
that the component does not undergo uncontrolled prema-
ture breakdown in the edge region when a reverse voltage is
applied. Furthermore, the edge termination is intended to
have a stability in stress tests under moisture and with high
voltage present and also be robust vis-a-vis external positive
as well as negative charges that may deposit—whether
owing to production or in the course of operation—for
example on a passivation layer applied on the semiconductor
surface.

Semiconductor components having an improved edge
termination region are thus desirable.

SUMMARY

The present disclosure relates to a semiconductor com-
ponent comprising a semiconductor body having a first
surface, a second surface opposite the first surface, and a
side surface surrounding the semiconductor body. The semi-
conductor component additionally comprises an active
region comprising a first semiconductor region of a first
conductivity type, which is electrically contacted via the first
surface, and a second semiconductor region of a second
conductivity type, which is electrically contacted via the
second surface. The semiconductor component additionally
comprises an edge termination region, which is arranged in
a lateral direction between the first semiconductor region of
the active region and the side surface and comprises a first
edge termination structure and a second edge termination
structure, wherein the second edge termination structure is
arranged in the lateral direction between the first edge
termination structure and the side surface and extends from
the first surface in a vertical direction more deeply into the
semiconductor body than the first edge termination struc-
ture.

The first semiconductor region can be for example a body
region of a field effect transistor (FET) or insulated gate
bipolar transistor (IGBT) or else an anode or cathode region
of'a diode or of a thyristor. The second semiconductor region
can be for example a drift zone of a FET or of an IGBT or
else a cathode or anode region, respectively, of a diode or of
a thyristor. The semiconductor component is for example a
power semiconductor component suitable for conducting
currents of greater than 1 A or else suitable for blocking
voltages in the range of a few hundred to a few thousand
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volts, e.g. 650V, 1.2 kV, 1.7kV, 33 kV,45kV, 55kV, 6
kV, 6.5 kV. The reverse voltage can correspond for example
to the voltage class of the component as specified in the data
sheet.

The subdivision of the edge termination region into a first
edge termination structure and into a second edge termina-
tion structure, which lies further outward with respect to the
first edge termination structure and which additionally
extends into the semiconductor body more deeply than the
first edge termination structure, enables a technically advan-
tageous edge termination. The first edge termination struc-
ture makes it possible to achieve advantages with regard to
reliability, e.g. on account of metal field plates not being
necessary, which entail the risk of corrosion under the
influence of moisture. The second edge termination structure
enables advantages with regard to a reduced space require-
ment. The combination of the first and second edge termi-
nation structures additionally makes it possible to reduce the
electric field strength in an insulator surrounding the semi-
conductor body, e.g. a polymer-based insulator such as a
silicone potting compound or a molding compound and thus
to prevent a failure in reliability tests such as a stress test
under moisture, e.g. an HV-H3TRB (High Voltage, High
Humidity, High Temperature reverse biased) test. The first
edge termination structure is for example different from a
body region of a FET or of an IGBT.

In accordance with one embodiment, the second edge
termination structure comprises a dielectric, which adjoins
the first side surface and extends along the vertical direction
from at least one part of the side surface. The dielectric at the
side surface serves for electric field reduction in the sur-
rounding insulator and enables a space-saving design of the
edge termination region.

In accordance with one embodiment, a thickness of the
dielectric at the first surface lies in a range of 100 nm to 10
pum. The thickness can be dimensioned for example taking
account of the voltage differences occurring between first
and second surfaces.

In accordance with one embodiment, the dielectric
extends at the side surface along the vertical direction from
the first surface as far as at least one third of a thickness of
the semiconductor body. The extension can be dimensioned
for example taking account of the voltage drop between a
specific depth of the semiconductor body and the second
surface.

The thickness of the semiconductor body, more precisely
the electrically active thickness or effective thickness of the
semiconductor body, is defined herein by that region of the
semiconductor body in the vertical direction in which a
space charge zone forms when the nominal reverse voltage
is applied. In particular in a direction toward the second
surface, a highly doped semiconductor region, e.g. a highly
doped substrate, which can primarily serve as a carrier or
low-impedance terminal doping and is not assigned to the
electrically active thickness of the semiconductor body can
extend between an electrical terminal of the semiconductor
and the region of the space charge zone.

Alternatively, the extension can for example also be
dimensioned taking account of the profile of an electric field
strength along the side surface of the semiconductor body
over the depth of the semiconductor body.

In accordance with one embodiment, a thickness of the
dielectric at the side surface decreases along the vertical
direction from the first surface toward the second surface.

The present disclosure additionally relates to a semicon-
ductor component comprising a semiconductor body having
a first surface, a second surface opposite the first surface, and
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a side surface surrounding the semiconductor body. The
semiconductor component additionally comprises an active
region comprising a first semiconductor region of a first
conductivity type, which is electrically contacted via the first
surface, and a second semiconductor region of a second
conductivity type, which is electrically contacted via the
second surface. The semiconductor component additionally
comprises an edge termination region, which is arranged in
a lateral direction between the first semiconductor region of
the active region and the side surface and comprises a first
edge termination structure and a second edge termination
structure, the first edge termination structure is arranged in
the lateral direction between the second edge termination
structure and the side surface and the second edge termina-
tion structure extends from the first surface in a vertical
direction more deeply into the semiconductor body than the
first edge termination structure.

The subdivision of the edge termination region into a first
edge termination structure and into a second edge termina-
tion structure, which lies further inward with respect to the
first edge termination structure and which additionally
extends into the semiconductor body more deeply than the
first edge termination structure, enables a technically advan-
tageous edge termination which, in view of the first edge
termination structure, affords advantages with regard to the
reliability, e.g. on account of metal field plates not being
necessary, which entail a risk of corrosion under the influ-
ence of moisture, and, in view of the second edge termina-
tion structure, enables the advantages of a reduced space
requirement.

In accordance with one embodiment, the first edge ter-
mination structure comprises one or more of the elements
field rings, field plates, junction termination extension, JTE,
variation of lateral doping, VLD. The JTE or VLD structures
extend for example outside a body region formed in the cell
zone of a FET or of an IGBT and are more lightly doped than
the body region.

In accordance with one embodiment, an extent of the first
edge termination structure in the lateral direction lies in a
range of 5 um to 500 um. In accordance with a further
embodiment, the extent of the first edge termination struc-
ture for Si components in the lateral direction lies in a range
of 50 pym to 300 pm. For SiC-based components, the
required extent of the first edge termination structure is
significantly smaller and lies e.g. between 5 pm and 80 um.
In accordance with a further embodiment, the extent of the
first edge termination structure in the lateral direction lies in
a range of at least 50% of the thickness of the semiconductor
body. The exact value of the lateral extent of the first edge
termination structure can be defined for example taking
account of the desired blocking capability of the component.

In accordance with one embodiment, the first edge ter-
mination structure is a JTE structure or a VLD structure and
comprises a third semiconductor region, wherein a dopant
dose of the third semiconductor region along at least 10%,
at least 20% or at least 30% of its lateral extent is smaller
than a breakdown charge in the semiconductor body divided
by the elementary charge. In this case, the lateral extent
extends for example perpendicular to an edge of the semi-
conductor body. The breakdown charge in a semiconductor
body formed with silicon is approximately 1.3x10"? e/cm?,
wherein e corresponds to the elementary charge. The value
of the breakdown charge is higher approximately by a factor
of 10 in the case of SiC.

In accordance with one embodiment, the first edge ter-
mination structure is a JTE structure or a VLD structure and
comprises a third semiconductor region, wherein a dopant
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dose of the third semiconductor region along at least 80% of
its extent in the lateral direction is less than a dopant dose of
the first semiconductor region. In this case, the lateral
direction extends for example perpendicular to an edge of
the semiconductor body. Consequently, the dopant dose of
the third semiconductor region for example along at least
80% of its extent in the lateral direction is less than the
dopant dose of the body region of a FET or of an IGBT or
else less than the dopant dose of an anode region of a diode.
The lower dopant dose of the third semiconductor region in
comparison with the first semiconductor region has an
advantageous effect for example with regard to the electric
field reduction in the edge termination region.

In accordance with one embodiment, the second edge
termination structure extends into the semiconductor body
from the first surface to at least double the depth, at least five
times the depth or at least ten times the depth, of the first
edge termination structure. This enables the technical advan-
tage of a reduced space requirement for the edge termination
structure in comparison with a planar edge termination
based exclusively on the first edge termination structure, e.g.
a JTE structure or a VLD structure.

In accordance with one embodiment, the second edge
termination structure comprises a fourth semiconductor
region of the first conductivity type, which extends into the
semiconductor body from the first surface more deeply than
the first semiconductor region in the active region. The
fourth semiconductor region can be produced for example
with a multiplicity of dopant implantations of differing
energy, wherein the profiles of the individual implantations
overlap in the vertical direction after the implantation as a
result of the thermal budget and thus form the fourth
semiconductor region that is deeper than the first semicon-
ductor region in the active region. Particularly in the case of
SiC-based semiconductor components, the dopants used
diffuse only very little, such that in this case the projected
ranges of the individual ion implantations are so close
together that a continuous doping profile results. Moreover,
the fourth semiconductor region can be produced by means
of'a masked implantation into different planes of an epitaxy
deposition interrupted once or a number of times. Alterna-
tively or supplementary, the fourth semiconductor region
can be produced by means of a trench, e.g. a gate trench
or—in the case of trench-based compensation compo-
nents—a compensation trench, into which the dopants are
implanted for example into the bottom of the trench and are
outdiffused toward the front side and toward the rear side
after the epitaxial filling of the trench. Alternatively or
supplementary, the dopants of the fourth semiconductor
region can also be set by means of a deep diffusion of
implanted dopants to give the desired dopant profile. The
implantations mentioned above can optionally be carried out
with the aid of the so-called channeling effect in order to
maximize the penetration depth resulting after the implan-
tation for a specific implantation energy and thus to optimize
the depth distribution of these dopants. Acceptor atoms or
donor atoms are appropriate as dopants, depending on the
conductivity type of the fourth semiconductor region. Exem-
plary acceptor atoms for a semiconductor body formed with
silicon are e.g. boron, gallium or aluminum atoms. The
comparatively deep formation of the fourth semiconductor
region enables the technical advantage of an improved
blocking capability of the semiconductor component. This is
attributable inter alia to the fact that the maximum of the
electric field strength is far below the surface of the semi-
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conductor body, with the result that surface charges on said
surface do not influence the breakdown voltage or influence
it only slightly.

In accordance with a further embodiment, a plurality of
the fourth semiconductor regions are arranged along the
lateral direction at a distance from one another. This makes
it possible to achieve a gradual field reduction toward the
outside. By way of example, a further structure serving for
field reduction, such as a JTE structure, for instance, can be
arranged between two fourth semiconductor regions that are
adjacent in a lateral direction.

In accordance with one embodiment, the fourth semicon-
ductor region extends into the semiconductor body in the
vertical direction from the first surface to a depth of 5 pm to
50 um or else 8 pm to 30 um. In accordance with a further
embodiment, the fourth semiconductor region extends in the
vertical direction from the first surface down to a depth of at
least 10% of the thickness of the semiconductor body. As a
result, the maximum of the electric field strength during
off-state operation of the semiconductor component can be
positioned into the depth of the semiconductor body. This
has an advantageous effect on the voltage blocking strength
of the semiconductor component, as explained above.

In accordance with one embodiment, a dimension of the
fourth semiconductor region in the lateral direction at the
first surface lies in a range of 30 um to 150 pm. In
accordance with a further embodiment, the dimension of the
fourth semiconductor region in the lateral direction at the
first surface lies in a range of at least 50% of the effective
thickness of the semiconductor body. The fourth semicon-
ductor region can enclose the active region at the first
surface for example in an uninterrupted manner or else
surround it in the form of a juxtaposition of laterally spaced
segments.

In accordance with one embodiment, a dopant dose of the
fourth semiconductor region lies in a range of 30% to 150%,
or else in a range of 50% to 100%, of a breakdown charge
in the semiconductor body. The breakdown charge in a
semiconductor body formed with silicon is approximately
1.3x10'? e/cm?, wherein e corresponds to the elementary
charge. The dopant dose corresponds to the integral of the
dopant concentration of the fourth semiconductor region
along the vertical extension thereof. The vertical extension
of the fourth semiconductor region proceeds for example
from the first surface of the semiconductor body and ends in
the semiconductor body at the deepest point of the fourth
semiconductor region relative to the first surface. The fourth
semiconductor region can for example also extend into the
semiconductor body from below the first surface.

In accordance with one embodiment, a maximum of a
dopant concentration in the fourth semiconductor region
along the vertical direction lies in a range of 30% to 70% or
else of 45% to 55% of a penetration depth of the fourth
semiconductor region into the semiconductor body. The
maximum can be established for example by setting the
implantation energy in the case of a single implantation or
else coordinating implantation energies and doses in the case
of a plurality of implantations.

In accordance with a further embodiment, a maximum of
a dopant concentration in the fourth semiconductor region in
the vertical direction lies in a range of 0% to 10% of a
penetration depth of the fourth semiconductor region into
the semiconductor body. The maximum can be established
for example by setting the implantation energy in the case of
a single implantation or else coordinating implantation ener-
gies and doses in the case of a plurality of implantations.
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In accordance with one embodiment, the semiconductor
component is a vertical power semiconductor component
suitable for conducting a load current of more than 1 A
between a first load terminal at the first surface and a second
load terminal at the second surface.

In accordance with one embodiment, the semiconductor
component is a vertical power semiconductor component
suitable for blocking a voltage of more than 500 V between
a first load terminal at the first surface and a second load
terminal at the second surface. The semiconductor compo-
nent is configured for example as a power semiconductor
diode or as a power semiconductor FET, or as a thyristor
(e.g. SCR, silicon controlled rectifier) or else a power
semiconductor IGBT. The voltage blocking strength speci-
fied in the data sheet of the semiconductor component can be
for example 650 V, 1.2 kV, 1.7 kV, 3.3 kV, 4.5 kV, 5.5 kV,
6 kV, 6.5 kV.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings serve to afford an under-
standing of exemplary embodiments of the invention, are
included in the disclosure and form part thereof. The draw-
ings merely illustrate exemplary embodiments and serve
together with the description to elucidate same. Further
exemplary embodiments and numerous advantages from
among those intended are directly evident from the follow-
ing detailed description. The elements and structures shown
in the drawings are not necessarily illustrated in a manner
true to scale with respect to one another. Identical reference
signs refer to identical or mutually corresponding elements
and structures.

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor body of a semiconductor component comprising an
active region and an edge termination region, wherein a first
edge termination structure and a comparatively deeper sec-
ond edge termination structure are formed in the edge
termination region.

FIG. 2A is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a first edge termination
structure formed as a JTE structure.

FIG. 2B is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a first edge termination
structure formed as a VLD structure.

FIG. 2C is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a first edge termination
structure formed with field rings or floating potential rings.

FIG. 3A is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a second edge termination
structure formed as a deep semiconductor region.

FIG. 3B is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a second edge termination
structure having laterally overlapping deep semiconductor
regions.

FIG. 3C is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a second edge termination
structure having laterally spaced deep semiconductor
regions.

FIG. 3D is a schematic cross-sectional view of the semi-
conductor body from FIG. 1 with a second edge termination
structure comprising a dielectric formed at a side surface of
the semiconductor body.

FIG. 3E is a schematic cross-sectional view of the semi-
conductor body from FIG. 3D in which the dielectric at the
side surface has a thickness that decreases with increasing
distance from the first surface.
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FIG. 3F is a schematic cross-sectional view of the semi-
conductor body from FIG. 3D with a semiconductor region
which is depletable of free charge carriers and which adjoins
the dielectric at the side surface of the semiconductor body.

FIGS. 4A to 4F are schematic cross-sectional views of a
semiconductor wafer for elucidating a method for producing
a semiconductor component as shown in FIG. 3D, for
example, with a dielectric at the side surface.

FIG. 5 is a schematic cross-sectional view of a semicon-
ductor body of a semiconductor component comprising an
active region and an edge termination region comprising a
first edge termination structure and a comparatively deeper
second edge termination structure, which are arranged in an
interchanged manner in comparison with the view from FIG.
1.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form part of the disclo-
sure and show specific exemplary embodiments for illustra-
tion purposes. In this context, a direction terminology such
as “upper side”, “bottom”, “front side”, “rear side”, “at the
front”, “at the back”, etc. is related to the orientation of the
figures currently being described. Since the component parts
of'the exemplary embodiments can be positioned in different
orientations, the direction terminology serves only for elu-
cidation and should in no way be interpreted as limiting.

It goes without saying that further exemplary embodi-
ments exist and structural or logical changes can be made to
the exemplary embodiments, without departing in the pro-
cess from what is defined by the patent claims. The descrip-
tion of the exemplary embodiments is non-limiting in this
respect. In particular, elements from exemplary embodi-
ments described below can be combined with elements from
other exemplary embodiments from among those described,
unless something different is evident from the context.

The terms “have”, “contain”, “encompass”, “comprise”
and the like hereinafter are open terms which on the one
hand indicate the presence of the stated elements or features,
and on the other hand do not exclude the presence of further
elements or features. The indefinite articles and the definite
articles encompass both the plural and the singular, unless
something different is unambiguously evident from the
context.

The terms “have”, “contain”, “encompass”, “comprise”
and similar terms are open terms, and the terms indicate the
presence of the stated structures, elements or features, but do
not exclude additional elements or features. The indefinite
articles and the definite articles are intended to encompass
both the plural and the singular, unless something different
is clearly evident from the context.

The term “electrically connected” describes a permanent
low-impedance connection between electrically connected
elements, for example a direct contact between the relevant
elements or a low-impedance connection via a metal and/or
a highly doped semiconductor. The term “electrically
coupled” encompasses the fact that one or more intervening
elements suitable for signal transmission can be present
between the electrically coupled elements, for example
elements which are controllable in order to provide at times
a low-impedance connection in a first state and a high-
impedance electrical decoupling in a second state.

The semiconductor regions can be of a first or of a second
conductivity type. In this case, the first (second) conductiv-
ity type can be a p-type (n-type) or the first (second)
conductivity type can be an n-type (p-type).
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FIG. 1 illustrates a semiconductor component 100 in a
schematic cross-sectional view.

The semiconductor component 100 comprises a semicon-
ductor body 101 having a first surface 102, a second surface
104 opposite the first surface 102, and a side surface 106
surrounding the semiconductor body 101. The semiconduc-
tor component 100 additionally comprises an active region
AB comprising a first semiconductor region 108 of a first
conductivity type, e.g. p-type, which is electrically contacted
via the first surface 102, cf. e.g. the first contact K1 illus-
trated schematically in FIG. 1, which first contact can
consist of one or a multiplicity of conductive materials
formed in a wiring region formed above the first surface 102.
The semiconductor component 100 additionally comprises a
second semiconductor region 110 of a second conductivity
type, e.g. n-type, which is electrically coupled to the second
surface, cf. e.g. the second contact K2 illustrated schemati-
cally in FIG. 1, which second contact can consist of one or
a multiplicity of conductive materials formed in a wiring
region formed above the first surface. The first semiconduc-
tor region can be for example a body region of a field effect
transistor (FET) or insulated gate bipolar transistor (IGBT)
or else an anode or cathode region of a diode or a thyristor.
The second semiconductor region can be for example a drift
zone of a FET or of an IGBT or else a cathode or anode
region, respectively, of a diode.

The semiconductor body 101 can be based on various
semiconductor materials, such as, for instance, silicon, sili-
con-on-insulator (SOI), silicon-on-sapphire (SOS), silicon-
germanium, germanium, gallium arsenide, silicon carbide,
gallium nitride, or else further compound semiconductor
materials. The semiconductor body can be based on a
semiconductor substrate such as a semiconductor wafer, for
instance, and comprise one or more epitaxial layers depos-
ited thereon or else be thinned back.

Besides the semiconductor regions illustrated, a multi-
plicity of further semiconductor regions can be formed in the
semiconductor body 101 depending on the type of semicon-
ductor component 100, e.g. source regions, drain regions,
field stop zones, highly doped contact terminal regions, etc.
Regions of this type are not illustrated in the simplified
cross-sectional view in FIG. 1, which is not restricted to a
semiconductor component of a specific type.

The semiconductor component 100 additionally com-
prises an edge termination region RB, which is arranged in
a lateral direction x between the first semiconductor region
108 of the active region AB and the side surface 106 and
comprises a first edge termination structure 112 in a first
region 113 illustrated in a dashed manner, and also a second
edge termination structure 114 in a dash-dotted region 115,
wherein the second edge termination structure 114 is
arranged in the lateral direction x between the first edge
termination structure 112 and the side surface 106 and
extends into the semiconductor body 101 from the first
surface 102 in a vertical direction z more deeply than the
first edge termination structure 112. The extension depths of
the first and second edge termination structures are identified
by t1 and 12 in a simplified manner in FIG. 1, such that the
relation t2>t1 holds true. In the schematic cross-sectional
view in FIG. 1, by way of example, the extension depth t1
of the first edge termination structure 112 is illustrated as
less than an extension depth t3 of the first semiconductor
region 108. It goes without saying that the extension depth
3 of the first semiconductor region 108 can also be greater
than the extension depth t1 of the first edge termination
structure 112.
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In accordance with one embodiment, an extent 11 of the
first edge termination structure 112 in the lateral direction x
lies in a range of 5 um to 500 pum. In accordance with a
further embodiment, the extent 11 of the first edge termina-
tion structure 112 in the lateral direction x lies in a range of
50 pm to 300 pm.

In accordance with a further embodiment, the extent 11 of
the first edge termination structure in the lateral direction x
lies in a range of at least 50% of an electrically active
thickness or effective thickness of the semiconductor body
dd.

The exact value of the lateral extent of the first edge
termination structure can be defined for example taking
account of the desired blocking capability of the component
100.

The first edge termination structure 112 can be con-
structed from one or a plurality of edge termination ele-
ments.

The schematic cross-sectional view in FIG. 2A illustrates
the first edge termination structure 112 for example as a JTE
structure. An exemplary dopant concentration profile along
the line AA', i.e. along the lateral direction x through the first
semiconductor region 108 and through a third semiconduc-
tor region 1121 of'the first edge termination structure 112, is
shown in the right-hand part of FIG. 2A. In this case, the
dopant concentration decreases from the level in the first
semiconductor region 108 to the comparatively lower dop-
ant concentration in the third semiconductor region 1121 of
the JTE structure.

The schematic cross-sectional view in FIG. 2B illustrates
the first edge termination structure 112 for example as a
VLD structure. An exemplary dopant concentration profile
along the line AA', i.e. along the lateral direction x through
the first semiconductor region 108 and through a third
semiconductor region 1122 of the first edge termination
structure 112, is shown in the right-hand part of FIG. 2B. In
this case, the dopant concentration decreases from the level
in the first semiconductor region 108 to the comparatively
lower dopant concentration of the third semiconductor
region 1122 of the VLD structure. Within the VLD structure,
the dopant concentration decreases along the lateral direc-
tion in the third semiconductor region 1122 toward the
outside, i.e. in the direction toward the side surface 106.
Alternatively, an outwardly decreasing dopant dose within
the VLD structure can also be achieved for example by
virtue of the extension depth of the VLD structure decreas-
ing toward the outside.

In accordance with one exemplary embodiment, a dopant
dose of the third semiconductor region 1121, 1122 along at
least 30% of its extent in the lateral direction x is set such
that it is less than a breakdown charge in the semiconductor
body 101 divided by the elementary charge e.

In accordance with one exemplary embodiment, a dopant
dose of the third semiconductor region along at least 80% of
its extent in the lateral direction x is less than a dopant dose
of'the first semiconductor region 108. The lower dopant dose
of the third semiconductor region 1121, 1122 in comparison
with the first semiconductor region 108 has an advantageous
effect for example with regard to the electric field reduction
in the edge termination region RB.

The schematic cross-sectional view in FIG. 2C illustrates
the first edge termination structure 112 for example as a
structure 1123 having field rings or floating potential rings.

The schematic cross-sectional view in FIG. 3A illustrates
the second edge termination structure 114 for example as a
fourth semiconductor region 118.
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In accordance with one exemplary embodiment, the
fourth semiconductor region 118 of the second edge termi-
nation structure 114 extends into the semiconductor body
101 from the first surface 102 at least to double the depth of
the first edge termination structure 112, i.e. t2>2xtl. More-
over, the fourth semiconductor region 118 can extend into
the semiconductor body 110 from the first surface 102 more
deeply than the first semiconductor region 108 in the active
region AB.

The extension depth 12 of the fourth semiconductor region
into the semiconductor body 101 from the first surface 102
is for example 5 um to 50 pum or else 8 um to 30 pm. In the
case of SiC-based components, the extension depth t2 is
typically between 2 pm and 20 um or between 3 pm and 10
um. In accordance with a further embodiment, the extension
depth 12 of the fourth semiconductor region into the semi-
conductor body 101 from the first surface 102 is at least 10%
of' the effective thickness of the semiconductor body dd. This
makes it possible to keep the maximum of the electric field
strength during off-state operation of the semiconductor
component away from the first surface 102 and deep in the
semiconductor body 101. This has an advantageous effect on
the voltage blocking strength of the semiconductor compo-
nent, as explained above.

As is illustrated in the schematic cross-sectional views in
FIGS. 3B and 3C, a plurality of the fourth semiconductor
regions 118 can be arranged in a laterally overlapping
manner (cf. FIG. 3B) or else in a laterally spaced manner (cf.
FIG. 3C). In the case of the lateral spacing shown in FIG.
3C, further edge termination elements, e.g. VLD or JTE
structures, can be arranged between adjacent fourth semi-
conductor regions.

A dimension 12 of the fourth semiconductor region 118 in
the lateral direction x at the first surface lies for example in
a range of 30 um to 150 um. In accordance with a further
embodiment, the dimension 12 of the fourth semiconductor
region 118 in the lateral direction x at the first surface lies for
example in a range of at least 50% of the effective thickness
of the semiconductor body dd.

A dopant dose of the fourth semiconductor region 118 lies
for example in a range of 30% to 150% of a breakdown
charge in the semiconductor body divided by the elementary
charge e.

As described further above, the fourth semiconductor
region 118 can be produced in diverse ways. This makes it
possible to place a dopant maximum of this region along the
vertical direction z at different positions in order thus to
optimize the electric field profile during off-state operation
within the edge termination region RB. By way of example,
a maximum of a dopant concentration in the fourth semi-
conductor region 118 along the vertical direction z lies in a
first range B1 of 45% to 55% of a penetration depth of the
fourth semiconductor region 118 into the semiconductor
body 101 (cf. FIG. 3A). In accordance with a further
configuration, the maximum of a dopant concentration in the
fourth semiconductor region in the vertical direction lies in
a second range B2 of 0% to 10% of a penetration depth of
the fourth semiconductor region 118 into the semiconductor
body 101.

In the schematic cross-sectional view in FIG. 3D, the
second edge termination structure 114 is formed for example
as a dielectric 120, which adjoins the first side surface 106
and extends along the vertical direction z of at least one part
of the side surface 106. The dielectric 120 is for example a
dielectric of high quality such as, for instance, a dielectric
composed of inorganic materials such as SiO2, Si3N4 or
similar materials. A further dielectric 121 can be formed on
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the first surface 102, too, which further dielectric can
correspond to or else deviate from the dielectric 120 at the
side surface 106 with regard to the material composition.
This makes it possible to achieve the technical advantage of
a better tolerance vis-a-vis an electric field line concentra-
tion at the corner E. By way of example, a thickness d of the
dielectric 120 at the first surface 102 lies in a range of 100
nm to 10 pm. The further dielectric 121 at the first surface
102 can be fabricated for example by processes that are used
elsewhere to produce a dielectric in the course of the method
for producing the semiconductor component 100, e.g. a
LOCOS (Local oxidation of silicon) process for defining a
cell region in the active region AB.

Although the dielectric 120 adjoining the side surface 106
can extend from the first surface 102 as far as the second
surface, an extension that ends above the second surface
104, as shown in FIG. 3D, for instance, is likewise suitable
for improving the blocking strength of the component. Since
the highest potential difference with respect to the second
surface 104, which can be applied on a leadframe, occurs
near the first surface 102, the dielectric 120 should be made
sufficiently thick and with sufficient quality in the upper and
uppermost region.

By way of example, the dielectric 120 extends at the side
surface 106 along the vertical direction z from the first
surface 102 as far as at least one third of a thickness dO of
the semiconductor body 101. If the vertical extension of the
dielectric is designated by t3, then d0/3=t3=d0 holds true, for
example. By way of example, the vertical extension of the
dielectric 120 proceeding from the first surface 102 can be
dimensioned such that the dielectric 120 covers a depth
range at the side surface 106 in which electric field strengths
in the insulator surrounding the dielectric 120 above a
threshold value, e.g. 100 kV/cm, can occur. Moreover, the
dielectric 120 can extend at the side surface 106 as far as a
depth of the semiconductor body 101 at which a functional
semiconductor layer, e.g. a field stop layer, is formed in the
semiconductor body 101.

The schematic cross-sectional view in FIG. 3D illustrates
the dielectric 120 at the side surface 106 for example with
a constant thickness. As is illustrated in the schematic
cross-sectional view in FIG. 3E, a thickness dl of the
dielectric 120 at the side surface 106 can also decrease along
the vertical direction z from the first surface 102 toward the
second surface, since the potential differences during off-
state operation of the component decrease from the first
surface 102 toward the second surface 104 and the require-
ments made of the dielectric strength of the dielectric 120
thus likewise decrease with increasing distance from the first
surface 102. By way of example, the thickness dl decreases
in a stepped fashion, cf. outer edge 1201 in FIG. 3E, or else
linearly, cf. outer edge 1202 in FIG. 3E. It goes without
saying that a thickness profile of the dielectric 120 at the side
surface 106 which decreases toward the second surface 104
can also deviate from the profiles shown by way of example.

In the schematic cross-sectional view in FIG. 3F, the
semiconductor component 100 comprises a fifth semicon-
ductor region 122 of the first conductivity type, which
adjoins the dielectric 120 at the side surface 106. The fifth
semiconductor region 122 can be configured for example
such that it partly or completely covers the dielectric 120 at
the side surface 106. By way of example, the fifth semicon-
ductor region 122 is configured with regard to the dimen-
sions and dopant concentration such that it is depletable of
free charge carriers during off-state operation of the semi-
conductor component 100. The formation of the fifth semi-
conductor region 122 makes it possible to reduce the influ-
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ence of fixed charges in the dielectric on the blocking ability
of'the semiconductor component 100 and thus contributes to
an improvement in reliability.

A method for producing a semiconductor component 100
comprising a dielectric 120 as shown by way of example in
FIG. 3D is elucidated in the schematic cross-sectional views
in FIGS. 4A to 4F.

Referring to the cross-sectional view in FIG. 4A, a
semiconductor wafer 1011 with a mask layer 124, e.g. a hard
or resist mask, on the first surface 102 is provided.

Referring to the cross-sectional view in FIG. 4B, a trench
126 is formed from the first surface 102 in the semiconduc-
tor wafer 1011, e.g. by means of an etching process such as
a dry etching process with prior photolithographic patterning
of the mask layer 124. The trench 126 lies for example
between a kerf region SB and the edge termination region
RB.

Referring to the cross-sectional views in FIGS. 4C, 4D,
the trench is lined with a first dielectric 128 and a second
dielectric 130. It is possible to dispense with forming the
first dielectric 128 and/or the second dielectric 130 provided
that filling the trench with a dielectric satisfies requirements
in respect of quality and reliability which are made of the
dielectric 120 in FIG. 3D. By way of example, the first
dielectric 128 is formed as a thermal oxide in order to
achieve an interface of high quality toward the semiconduc-
tor body 101. The second dielectric can be a nitride, for
example.

Referring to the cross-sectional view in FIG. 4E, the
trench is filled with a third dielectric 132, e.g. an oxide such
as Si02, BPSG (borophosphosilicate glass), PSG (phospho-
silicate glass) or some other dielectric such as, for instance,
a nitride, a low-k or high-k dielectric. The dielectrics can be
produced by suitable production methods such as, for
instance, chemical vapor deposition (CVD), plasma-en-
hanced CVD (PECVD) or else low-pressure CVD
(LPCVD).

Referring to the cross-sectional view in FIG. 4F, the
dielectrics 128, 130, 132 are removed again on the first
surface 102, e.g. by means of an etching and/or polishing
process such as chemical mechanical polishing (CMP).

Dividing the semiconductor wafer 1011 in the kerf region
SB by means of a suitable separating process such as e.g.
sawing or laser cutting can then follow in such a way that the
wafer 1011 is divided such that the cut edge in the kerf
region extends as far as or into the dielectrics 128, 130, 132,
such that after dividing the side surfaces of the semicon-
ductor bodies are at least partly covered with a dielectric,
and a structure as shown for example in FIG. 3D results.

The schematic cross-sectional view in FIG. 5 shows a
semiconductor body of a semiconductor component 100 in
which the arrangement of the first edge termination structure
112 and of the comparatively deeper second edge termina-
tion structure 114 is opposite to the arrangement of the
embodiment from FIG. 1. A space-saving and advantageous
edge termination region can be fashioned with this arrange-
ment, too. The indications given in association with FIGS. 1
to 3C can be applied to the semiconductor component in
FIG. 5.

Although specific embodiments have been illustrated and
described herein, those skilled in the art will recognize that
the specific embodiments shown and described can be
replaced by a multiplicity of alternative and/or equivalent
configurations, without departing from the scope of protec-
tion of the invention. The application is intended to cover
any adaptations or variations of the specific embodiments
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discussed herein. Therefore, the invention is restricted only
by the claims and the equivalents thereof.

The invention claimed is:

1. A semiconductor component, comprising:

a semiconductor body having a first surface, a second
surface opposite the first surface, and a side surface
surrounding the semiconductor body;

an active region comprising a first semiconductor region
of a first conductivity type, which is electrically con-
tacted via the first surface, and a second semiconductor
region of a second conductivity type, which is electri-
cally contacted via the second surface;

an edge termination region arranged in a lateral direction
between the first semiconductor region of the active
region and the side surface, and comprising a first edge
termination structure and a second edge termination
structure,

wherein the second edge termination structure is arranged
laterally adjacent to the first edge termination structure
and extends from the first surface in a vertical direction
more deeply into the semiconductor body than the first
edge termination structure,

wherein the second edge termination structure comprises
a dielectric adjoining the first side surface and extend-
ing along the vertical direction from at least one part of
the side surface,

wherein a thickness of the dielectric at the side surface
decreases along the vertical direction from the first
surface toward the second surface.

2. The semiconductor component of claim 1, further
comprising a fifth semiconductor region of the first conduc-
tivity type adjoining the dielectric at the side surface.

3. The semiconductor component of claim 1, wherein the
first edge termination structure comprises one or more of
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field rings, field plates, junction termination extension
(JTE), and/or variation of lateral doping (VLD).

4. The semiconductor component of claim 1, wherein an
extent of the first edge termination structure in the lateral
direction lies in a range of at least 50% of an electrically
active thickness of the semiconductor body.

5. The semiconductor component of claim 1, wherein the
first edge termination structure is a JTE structure or a VLD
structure and comprises a third semiconductor region of the
first conductivity type, and wherein a dopant dose of the
third semiconductor region along at least 10% of its extent
in the lateral direction is less than a breakdown charge in the
semiconductor body.

6. The semiconductor component of claim 1, wherein the
first edge termination structure is a JTE structure or a VLD
structure and comprises a third semiconductor region, and
wherein a dopant dose of the third semiconductor region
along at least 80% of its extent in the lateral direction is less
than a dopant dose of the first semiconductor region.

7. The semiconductor component of claim 1, wherein a
plurality of the fourth regions is arranged along the lateral
direction at a distance from one another or in a manner
overlapping one another.

8. The semiconductor component of claim 1, wherein the
semiconductor component is a vertical power semiconduc-
tor component configured to conduct a load current of more
than 1 A between a first load terminal at the first surface and
a second load terminal at the second surface.

9. The semiconductor component of claim 1, wherein the
semiconductor component is a vertical power semiconduc-
tor component suitable for blocking a voltage of more than
500 V between a first load terminal at the first surface and
a second load terminal at the second surface.
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